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NCEP Office Note 388 -- GRIB
REVISION HISTORY
All revisonsin the text, of any substance, are marked by a vertica bar to the left of the
correction location, in the same manner as this paragraph. Insertions, deletions, and dterationsare dl so
marked. Deleted text will not appear, of course, in the printed pages, but the location of the deleted
materid is marked by the snister bar.

Please insart (or replace) the indicated pages in your copy of this document.

Date Section Page Nature of change
Dec. 14, 1993 0 5 Clarification of Indicator Section content
Dec. 21, 1993 A 5 Correction of forecast hour typos
Dec. 22, 1993 4 4 Clarification of count of second order vaues
Feb. 18, 1994 1 45 Added generating processes 5 and 88
1 12 Corrected table of 1.25x1.25 points per row
2 13 Corrected summetion limit
Mar. 04, 1994 2 1 Corrected Table reference
2 2 Added indication of loca usefor Table 6
1 34,341  Added new level specs, 115 & 116
Mar. 10, 1994 A 3 Moved Convective Precip to FOS
Mar. 24, 1994 1 4 Added gen. proc. for UVI (2),

ditto for ozone analysis (two of them: 49,52)

[watch out replacing pages - pagination altered - following can refer to previously changed
pages]

1 27 Added parameter 24 for Ozone
1 31 Added parameter 206 for UVI
Jun. 10, 1994 1 15 Added new 1.25 deg map No. 45
Jul. 01, 1994 1 3 Added NCARto Table O
1 6 Added grid No. 45
1 20 Added Arakawa grids for 29 km eta
1 23ff Noted location of pole on Lambert grids
1 32 New parameters. 144-149
1 39 New specid leve: 204
Jan. 02, 1996 al al A number of changes madein sections.
Full revison/reprinting.
March 10, 1998 0 al A number of changes made in sections
1 al 0 and 1 and Appendix A (the later appended
5 al to Section 5. Full reprinting.
December 15,2000 O al A number of changes made in sections
1 al 0 and 1 and Appendix A (the later appended
5 al to Section 5. Full reprinting.
August 6, 2001 1 al A number of changes madein section 1
5 al and Appendix A (the later appended to Section 5.
Full reprinting.
October 12, 2001 1 al A number of changes made in section 1.
5 A4 Changed Grid Designator 218 from 10km to 12km.
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November 30,2001 O 12 Updated Revison History
1 7 MESO ETA MODEL, changed from 22km to 12km
1 48 Added Grid 249

March 22, 2002 1 19 Added Grid 88

May 10, 2002 015 May Mgor update including modifying “nests’ gridsfor the

new 8km NMM forecast.
June 19, 2002 1 27 Added Grid 127
July 12, 2002 015 May Added new cloud levels, probability parameters for

CPC, and moisture parameters for EMC/MMB.

September 9, 2002 015 May Changesto grids 90, 97 & 253. Updated Appendix A
table A.2.

November 13,2002 0,15 Many Changesto grid 238, Table A item 96, additions to
Table 2, v129. Updated Appendix A with additional
A.2table.

March 5, 2003 0,1 Many Added grid 110 to Table B. Added version 130 to
Table 2. Additionsto TablesA, B, C, 2and 3.

Note: The most up-to-date verson of thispublicationisavalablevia INTERNET on the NCEP
WEB server ét:

http://Aww.nco.ncep.noaa.gov/pmb/docs/on388/
INTRODUCTION

The World Meteorologica Organization (WMO) Commission for Basic Systems (CBS)
Extraordinary Meeting Number V111 (1985) approved a general purpose, bit-oriented data exchange
format, desgnated FM 92-VII11 Ext. GRIB (GRIdded Binary). It isan efficient vehicle for transmitting
large volumes of gridded data to automated centers over high speed telecommunication linesusing
modern protocols. By packing information into the GRIB code, messages (or records - theterms are
synonymous in this context) can be made more compact than character oriented bulletins, which will
produce faster computer-to-computer transmissons. GRIB can equally well serve as a data storage
format, generating the same efficiencies relaive to information storage and retrieva devices.

Changes and extensions to GRIB were gpproved at the regular meeting of the WMO/CBS in
February, 1988; additiona changes were introduced at the CBS/'WGDM/Sub-Group on Data
Representation (SGDR) mesetingsin May 1989 and in October 1990. The 1990 changes were of such
sructural magnitude asto require anew Edition of GRIB, Edition 1, which this document describes.
Further augmentations and interpretations were made by the SGDR in September 1993, with approva
by the WGDM in February 1994. These changes did not result in anew Edition to GRIB, but did change
some of the Tables, resulting anew Table Verson number for them (2). The changesfrom Verson 1
were mainly additions of new parameters or more precise definition of existing ones. Additiond changes
to the GRIB Tables were adopted at an Expert Meeting of the SGDR in September 1995, which now
bringsusto Table Verson 3.

It is not anticipated that there will be any large-scade structura changes to GRIB for at least four

to five years, or more. The SGDR is undertaking athorough review of the present and future
requirements that GRIB is supposed to satisfy. The plan isto design amgor revison of GRIB capable
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of accommodating these requirements and more, without "straining” the structure of the data
representation form. Some things are getting a little strained even now. See below.

Note: the Edition number is placed in the same location, relative to the sart of the GRIB
message, for al Editions. Thus, decoding programs can detect which Edition was used to construct a
particular GRIB message and behave accordingly. Thisis useful for archives of messages encoded in
earlier Editions or during trangtion periods. Of course, this requires that data centers retain copies of
older editions of the code, and older versons of the parameter tables.

Each GRIB record intended for either transmission or storage contains a single parameter with
vaueslocated at an array of grid points, or represented as a set of spectra coefficients, for asingle level
(or layer), encoded as a continuous bit stream. Logica divisons of the record are designated as
"sections’, each of which provides control information and/or data. A GRIB record consgts of Six
sections, two of which are optiond:

(0) Indicator Section

(2) Product Definition Section (PDS)

(2) Grid Description Section (GDS) - optional

(3) Bit Map Section (BMS) - optiona

(4) Binary Data Section (BDS)

(5) 7777 (ASCII Characters)

Although the Grid Description Section is indicated as optiond, it is highly desrable that it be

included in dl messages. That way there will be no question about just what is the "correct” geographica
grid for a particular fied.

Most centers require bulletin headers to enable them to receive, identify, and switch messages,
NCEP isno exception. The standard WMO abbreviated heading for GRIB is described in Appendix A.

In this documentation, certain symbols are used to clarify the contents of octets (groups of eight
consecutive binary bits, "bytes' in American usage). If unadorned |etters are used, they are symbolic and
their meanings are described in the text; adecima number issmply printed asis; a character or string of
charactersis represented insde single quote marks. International Alphabet No. 5, whichisidenticd inits
essentia elementsto the U.S. Nationa Standard 7-bit ASCI|, is used for character representation in the
GRIB code.

Octets are numbered consecutively from the start of each section; bits within an octet are dso

numbered from left (the most Sgnificant bit) to right (the least Sgnificant bit). Thus an octet with bit 8 set
to the value 1 would have the integer value 1; hit 7 set to one would have avaue of 2, etc.
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The numbering of Tablesin the following text corresponds to the description of GRIB in the
WMO Manua on Codes. Some additiona tables not found in the WMO Manud are indicated by
letters. These, generdly, contain information unique to the NWS or NOAA.

A caveat: The Officid Internationd Documentation for GRIB isthe just referenced Manua on
Codes. Thisdocument is, in part, intended to be a guide to the use of GRIB and may not include dl of
the features currently found in the Manud. 1t does, however, represent the full set of features used by the
National Weather Service, in particular in the AWIPS project, and by the Nationa Centersfor
Environmental Prediction. The features described here are intended to be a completely consistent sub-
st of the full WMO documentation; if there are any discrepancies the Manud on Codesisthefind
authority.

DATA PACKING METHODS.

The code form represents numeric data as a series of binary digits (bits). Such data
representation is independent of any particular machine representation; by convention datalengths are
measured in octets. Data are coded as binary integers using the minimum number of bits required for the
desired precison. Numeric values, with units as shown in Table 2, may first be scaled by a power of ten
to achieve an gppropriate decima precison, areference vaue is subtracted from them to reduce
redundancy and diminate negative vaues, and they may then be further scaled by a power of two to
pack them into a pre-selected word length. The two scaing operations are independent; which, or both,
are used in any given case depends upon choices made as to the method of packing. See below.

The representation of asingle vaueis such that:
Y *10° =R+ (X * 2)
where

Y =origind or unpacked vaue; unitsasin Table 2,

D = decimd scdefactor, to achieve desired precison
(sgn bit, followed by a 15-hbit integer);

R = reference vaue (32 bits);

X =internd vaue (No. of bits varies for each record);

E = binary scale factor for variable bit word length packing
(sgn bit, followed by a 15-bit integer).

1 World Meteorological Organization publication No. 306, Manual on Codes, Vol. 1, Part B, Secretariat of the
WMO, Geneva, Switzerland, 1988, plus Supplements No. 1, 2, & 3 (with more to come)
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The reference vdue (R) is the minimum vaue of the (possibly) decimdly scaed datathat isbeing
encoded.

R isplaced in the Binary Data Section in four octets as a Sngle precison floating-point number:
SAAAAAAA BBBBBBBB BBBBBBBB BBBBBBBB

where s = sgn bit, encoded as 0 means pogtive
1 means negdtive
A..A = 7-bit binary integer, the characteristic
B...B = 24-bit binary integer, the mantissa

The gppropriate formulato recover thevaue of R is:
R= (_1)5 * 2(-24) *B* 16(A—64)

Thisformulais the sandard IBM representation for asingle precision (redl) floating point number.
(Condderation is being given to usng the IEEE floating point representation in the future, in alater Edition
of GRIB.)

If second order (or "complex™) packing is used (see the description of that later on) the interna
vaue, X, will be made up of two vaues, a"locd minimum vaue', Xi, and a"second order packed vaue',
Xj. Therewill be one X| for each grid point and a variable number of Xi vaues. Thiswill dl come clear
later on when we get to the description of second-order packing.

What followsis a description, dightly smplified, of the process that one would go through to
pack a (meteorological) fidd into a GRIB message, using "smple packing”. It includes some explanations
of why certain steps are taken, some of the consequences, and what choices have to be made. Some of
the choices are interrdated; the relationships should be clear when the explanation isdone. The
additiona festures of complex or "second order” packing will be dedt with in alater section.

Given tha afull fidd isavaladle, the firg gep, if necessary, isto convert the units of the
parameter into those shown in Table 2, the SI stlandard units, dso known as the mks system. Some of
the units may seem alittle peculiar (kg/n?, for example, for precipitation - 1 kg/n? is equivaent to awater
depth of 1 mm); others may seem ingppropriate (Pafor pressure, for example, implies substantialy
greater precison than istypicad in meteorologica usage; inverse seconds are not nearly precise enough
for divergence and vorticity) but they are dl sdf conastent. The precison of the parameters, as actudly
packed in amessage, can be set to any desired degree through the appropriate use of the power-of-10
("D") scaling and the power-of-2 ("E") scding. Just how this comes about will be described momentarily.

At this point thereis achoice to be made. If it isdesired to use a pre-sdected bit word length for
the packed variables, then just proceed on to the next step. However, if avariable bit word lengthisto
be used, where the word length is adjusted to accommodate the data vaues, then it is necessary to
undertake the power-of-ten scaling. The D vaue should be selected such that, when the origind data, in
the Sl units of Table 2, ismultiplied by 10P, the integer part of the result will have enough precision to
contain dl the appropriate information of the variable. Anticipating things alittle bit, the (scaled) vaue will
be rounded to an integer as a part of the packing process; thus the "significant part” of the vaue of the
variable has to be moved to the left of the decimd point prior to the rounding. Temperature might be
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scded with D=1, thus changing the units to deci-degrees, pressure, on the other hand, might be scaled
with D=-2, thus actualy reducing the precison to hectoPascals (mb), a more reasonable meteorol ogical
precision; vorticity would be scaed up by D=8, and so on.

The second step in the packing operation is to scan through the field, which may or may not have
been "D-scded” a this point, find the minimum vaue of the parameter, and subtract that minimum - the
reference vaue, R - from dl the data points, leaving aresidua of non-negative numbers. This step has
two benefits. Thefirg of these is convenience - making dl the data points non-negative bypasses
problems with different computer hardware that represent negatives in various ways. 1's complement, 2's
complement, sgned positive integers, whatever. The GRIB message is rendered just that much more
meachine independent by being non-negative throughouit.

The second benefit is more consequentid: it can result in a subgtantial compression of the bulletin
sze without any loss of information content. If afield has an gppreciable bias away from zero, the
resduas formed by the minimum removad operation will dl be much smaler numbers than otherwise.
Thusthey will need fewer bitsto contain them when they are, eventudly, packed asintegers.

Thethird step is Imply to scan through the fidd of resduas and find the maximum vaue.

At this point another choice must be made, smilar to the one made previoudy. Thistime, if a
variable bit word length is to be used, then it is necessary to caculate how many bits (per word or per
data gridpoint) are going to be needed to contain that largest data value, when the latter has been
rounded to an integer. Recdl that at the previous decision point, the variables were power-of-ten ("D")
scaled such that arounding operation will preserve dl the sgnificant part of the information. Discovering
how many bits are needed is a Ssmple scan through a table of powers of two, of course. The power-of-
two-scaling is not employed and E is set equd to 0. Then go on to the fourth step.

If, dternatively, it is desired to use a pre-salected bit word length for the packed variables, the
datamust now be scaed, thistime by a power of two (the "E" scaling), sufficient to either reduce the
maximum vaue down to judt fit into the available number of bits or enlarge the value to judt fit. Thislatter
step takes care of the problem of smdl numbers where the precison isdl in the fractiond part of the
number. How much precison isretained, for the eventud rounding, is afunction of the presdected bit
word length and the "typicd” range, or maximum vaue with the minimum removed, of the particular
variable. The choice of bit word length, which is made ahead of time, must be made with full knowledge
of the characterigtics of the particular variable that isto be packed and a prior assumption of how much
precision needs to be retained for the largest likely vaue.

The fourth step isthen to round dl the vaues to integers, now that they have al been scded to
appropriate units, and pack them in the specified bit length words.

The lagt sep is then to set up the various identification fields and put the GRIB bulletin in proper
form. We shdl turn to this "proper form™ in the next section.

We have ended up with two adternate ways to construct a GRIB messages. afixed bit word

length method and a variable bit word length method. What are the relative advantages or disadvantages,
or & least the differences, of one with respect to the other?
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Message length: the fixed word length bulletins are dways the same length, for agiven parameter;
the variable word length bulletins are, naturdly, varidble. The variation is driven by the range of the vaue
of the parameter over thefield (or the maximum vaue) which can change from day to day. Whether
variaions in message length is a problem or not depends on the computer systems used to work with the
GRIB records.

Precison: The variable word length bulletins have a fixed and unchanging precision, determined
by the"D" scaling. This assures that the same information content is available day after day. Itis
draightforward to change the precison in afamiliar manner, that is, Smply by orders of magnitude, just
by dtering the D vdue. Thiscomesat acog, of course; increasing the precison by a power of 10 adds
about 3.3 hits (average) to each data point in the message.

The fixed word length bulletins show avariable precison which is case by case datadriven and is
determined by the "E" (power-of-two) scaing that was used to fit the numbers into the available space.
This can happen even with the same data, on the same date, but at adjacent grid areas. If one area
shows alow variability and the neighboring one a high variability such that a different power-of-two
scding is needed in the two aress, then, unfortunately, the values on a common boundary will not be
exactly equd after they are unpacked. This can be disconcerting and a cause for confusion. 1t will not
happen if D-scaling (only) isemployed. On the other hand, the variable precision can be viewed as a
drength: adatafied with alow variability will be encoded at a higher precison, thus preserving the
character of the field; ahigh varigbility field will be represented with less precison, but that isnot a
problem as the smdl, and possibly logt, variaions will not matter in the presence of the large ones. The
precision of the encoded field can be increased by adding bits to the fixed word length, but the degree of
change (a power of 2 for each bit) may not be as easy to ded with (or explain to people) asthe smple
order of magnitude change afforded by the "D" scaling method.

No mater which packing method was employed, a proper GRIB decoding program, that took
account of the tranamitted vaues of both "D" and "E", would return the correct unpacked numbers,

regardless of which packing method was employed. 1t would be transparent to the user except for the
questions of precison outlined above.

GRIB CODE FORM.

With the exception of the first four octets of the Indicator Section, and the End Section, al octets
contain binary vaues. All sections contain an even number of octets, the variable length sections are
padded with zero values as necessary. These extra bits must be accounted for in finding one's way
through the sections; their content should be ignored.

SECTION 0: THEINDICATORSECTION (1S)

The indicator section serves to: identify the start of the record in a human readable form, indicate
the total length of the message, and indicate the Edition number of GRIB used to congtruct or encode the
message. The section is dways eight octets long.

Octet no. Content

1-4 'GRIB' (Coded CCITT-ITA No. 5) (ASCII);
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5-7 Totd length, in octets, of GRIB message
(including Sections 0 & 5);

8 Edition number - currently 1
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